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LIS Integrates Observations, Models and Applications 
to Maximize Impact 
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The Land Information System (http://lis.gsfc.nasa.gov) 
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LSM Hydrology: Water and Energy Balance 
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e.g., Noah, CLM, VIC, 

TESSEL, JULES, HySSIB 

Catchment 
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Land Information System Architecture 
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LIS on-line tutorial and support 
http:://lis.gsfc.nasa.gov http:://modelingguru.nasa.gov 



LIS Documentation 

User’s guide 

–Step-by-step instructions on how to build 
the LIS code 

Developer’s guide 

–Instructions on how to bring in new 
functionalities (LSMs, forcing schemes, Data 
Assimilation, parameter data, etc.) 

Reference manual 



LIS6.2 Software Updates 

• Includes VIC 4.1.1. 
• Includes CABLE 1.4b --- restricted distribution. 
• Includes Catchment F2.5. 
• Includes Noah 3.3. 
• Includes SiB2. 
• Includes WRSI. 
• Support for North American Mesoscale Forecast System (NAM) 

"242 AWIPS Grid -- Over Alaska" product. 
• Support for USGS potential evapotranspiration (PET) data (for use in 

WRSI). 
• Support for Climate Prediction Center's (CPC) Rainfall Estimates 

version 2 (RFE2) daily precipition (for use in WRSI). 
• Support to apply lapse-rate correction to bottom temperature field 

(for use in Noah). 



LIS6.2 Software Requirements 

Fortran 90/95 compiler (g95 will not work for LIS5.0)  

preferred : intel, pgi, lahey, absoft 

C compiler 

MPI - if parallel processing capability is desired 

Earth System Modeling Framework (ESMF) 

3.1.0r  - for LIS 6.x 

LIS supports Grib1, NETCDF, HDF formats  

Grib1 - mandatory, NETCDF, HDF optional 



Figure 4:  Changes in annual-average terrestrial 

water storage (the sum of groundwater, soil water, 

surface water, snow, and ice, as an equivalent height 

of water in cm) between 2009 and 2010, based on 

GRACE satellite observations.  Future observations 

will be provided by GRACE-II. 

Figure 5:  Current lakes and reservoirs monitored by 

OSTM/Jason-2.  Shown are current height variations 

relative to 10-year average levels. Future 

observations will be provided by SWOT. 

Figure 2:  Annual average precipitation from 1998 to 

2009 based on TRMM satellite observations. Future 

observations will be provided by GPM. 

 

Figure 1:  Snow water equivalent (SWE) 

based on Terra/MODIS and Aqua/AMSR-E.  

Future observations will be provided by 

JPSS/VIIRS and DWSS/MIS. 

Figure 3:  Daily soil moisture based on 

Aqua/AMSR-E.  Future observations will be 

provided by SMAP. 

LIS Land Data Assimilation Objectives 
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Figure 3:  Daily soil moisture based on 

Aqua/AMSR-E.  Future observations will be 

provided by SMAP. 

Soil Moisture Data Assimilation 
Data Assimilation: 

• AMSR-E LPRM (Owe et al.,  

2008; Peters-Lidard et al., 2011) 

2002-2011 

• ESA ECV (Liu et al., 2012;  

Wagner et al., 2012) 1978-2011 

• Flags:  light and moderate 

vegetation, precipitation, snow 

cover, frozen ground, RFI 

• The observations are scaled 

to the LSM’s climatology using 

CDF matching  

• 12-member ensemble 

• A spatially distributed 

observation error standard 

deviation (between 0.02-0.12 

m3/m3) 

 

Experimental Setup: 

• Domain: CONUS, NLDAS 

• Resolution: 0.125 deg. 

• Period: 1979-01 to 2012-01 

• Forcing: NLDASII 

• LSM: Noah 3.3 

 

Effective mask of the 

locations where at least 

one year of data is 

assimilated 
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Evaluation of LIS+DA outputs 

Soil moisture: 

USDA Soil Climate Analysis Network (SCAN); 37 
stations chosen after careful quality control (used 
for evaluations between 2000-2011)  

Four USDA ARS experimental watersheds 
(“CalVal” sites) (used for evaluations between 
2001-2011) 

Snow depth: 

Global Historical Climate Network (GHCN) – used 
for evaluations between 1979-2011.  

Canadian Meteorological Center (CMC) daily snow 
depth analysis – used for evaluations between 
1998-2011.  

Streamflow: 

Gauge measurements from 961 unregulated USGS 
streamflow stations (1981-2011) from Xia et al., 
2012.  

All model verifications and analysis generated using the Land surface Verification Toolkit (LVT; 

Kumar et al. 2012) 

 54 
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Figure 1 Mean annual observed (a) precipitation, (b) runoff, and (c) 3 

evapotranspiration.  Figure 1d depicts precipitation partitioning averaged over three 4 

regions (Mid U.S.–red, West U.S.–blue, East U.S.–green, diagonal–precipitation) for 5 

four models and their ensemble mean (N – Noah, M – Mosaic, S – SAC-SMA, V – 6 

VIC, E – Ensemble Mean) for the period from 1 October 1979 and 30 September 7 

2007.  Each vertical line is the average observed runoff from the 961 small basins 8 

within the NLDAS domain. 9 
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Soil moisture DA : Evaluation of soil moisture fields 

ARS CalVal  
(surface soil moisture) 

Open loop (no DA) LPRM DA  

Anomaly R 0.84 +/- 0.02 0.86 +/- 0.02 

Anomaly RMSE (m3/m3) 0.021 +/- 0.001 0.019 +/- 0.001 

ubRMSE (m3/m3) 0.024 +/- 0.002 0.022 +/- 0.002 

SCAN (surface  
soil moisture) 

Open loop (no DA) LPRM DA 

Anomaly R 0.67 +/- 0.02 0.67 +/- 0.02 

Anomaly RMSE (m3/m3) 0.037+/- 0.002 0.036 +/- 0.002 

ubRMSE (m3/m3) 0.043 +/- 0.003 0.041 +/- 0.003 

SCAN (root zone 
 soil moisture) 

Open loop (no DA) LPRM DA 

Anomaly R 0.60 +/- 0.02 0.59 +/- 0.02 

Anomaly RMSE (m3/m3) 0.032 +/- 0.002 0.030 +/- 0.002 

ubRMSE (m3/m3) 0.041 +/- 0.003 0.039 +/- 0.003 

Statistically significant 
improvements in surface soil 
moisture and root zone soil 
moisture as a result of soil 
moisture DA  
 
Anomaly R increases, Anomaly 
RMSE reduces and unbiased 
RMSE reduces with LPRM 
assimilation.  
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Soil Moisture DA:  Evaluation of improvements in streamflow simulation 

The improvements are 
expressed using a Normalized 
Information Contribution 
(NIC) metric that measures the  
skill improvement from DA as a 
fraction of the maximum 
possible skill improvement 
 
 
 
 
 
 
 

NIC_RMSE 

NIC_R 

NIC_NSE 

Overall improvements in all 
skill metrics (RMSE, R and 
NSE) are observed in 
streamflow  estimates after 
data assimilation 
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Soil moisture DA: Evaluation against USDM drought percent 

RMSE (%) of simulated drought areal 
extent as compared to USDM analysis 

Region 
(D0 area) 

Open Loop 
(no DA) 

Soil 
moisture DA 

South 15.7 12.8 

Southeast 22.6 20.9 

Northeast 17.0 17.0 

Midwest 10.6 11.5 

High 
Plains 

32.1 27.6 

West 30.3 25.9 

Comparisons are made against percentage of area under different drought 

conditions from the USDM (2000-2011) for each Region.  An example of the RMSE 

(%) of the D0 drought conditions is shown below (right; bold is statistically 

significant).  Changes in the root zone soil moisture percentiles from soil moisture 

DA for selected cases are shown below (left). 



Figure 1:  Snow water equivalent (SWE) 

based on Terra/MODIS and Aqua/AMSR-E.  

Future observations will be provided by 

JPSS/VIIRS and DWSS/MIS. 

Snow Data Assimilation 

Data Assimilation: 

• SMMR (spans 1978-1987), 

SSM/I (spans 1987-2002) 

and AMSR-E (spans 2002-

2011); SMMR and SSM/I 

retrievals are based on the 

Chang et al. (1987) and 

AMSR-E retrievals are based 

on the improved retrieval 

algorithm from Kelly et al. 

(2009).  

• The snow depth retrievals are 

corrected using the in-situ 

measurements from the 

Global Historical Climate 

Network (GHCN).  

Effective mask of the 

locations where at least one 

year of data is assimilated 

Location of GHCN sites 

used in the Cressman 

analysis correction 
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Snow DA: Evaluation of snow depth fields against GHCN 

Open loop 
(no DA) 

SNOW-DA  CMC SNODAS 

RMSE 
(mm) 

174.0 +/- 8 114.0+/- 8 158.0+/-8 154.0+/- 8 

Bias (mm) -84.1+/- 8 -31.6 +/- 8 -66.0+/- 8 33.9 +/- 8 

Average seasonal cycle of snow depth RMSE and bias 
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Snow DA:  Evaluation of the improvements in streamflow simulation 

The improvements are 
expressed using a Normalized 
Information Contribution 
(NIC) metric that measures the  
skill improvement from DA as a 
fraction of the maximum 
possible skill improvement 
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Some improvements in 
streamflow metrics such as 
RMSE, R and NSE after snow 
data assimilation 
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LIS7:  New subsystems and toolkits 



Pg. 21 



Pg. 22 



Pg. 23 



Pg. 24 

Multivariate tiles 
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